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hour and 14.30 m3/hour, respectively. The cost of uphill winching and skidding was 10.77 €/hour and 11.87 €/
hour, respectively. It can be concluded that the single-drum hydraulic system, which is mounted on the front of 
the tractor, can be used as an alternative harvesting equipment especially for uphill winching operations in small 
scale forestry operations. 
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PRODUCTIVITY OF A FARM TRACTOR WITH 
SINGLE DRUM WINCH DURING WHOLE-TREE 
TIMBER EXTRACTION
PROIZVODNOST ADAPTIRANOG POLJOPRIVREDNOG 
TRAKTORA S JEDNOBUBANJSKIM VITLOM TIJEKOM 




Since the 1960s, it has become progressively accepted that, 
for a sustainable management, several criteria have to be 
considered at the same time. The consequence is that the 
decision-makers need a suitable multi-criteria decision-
making methodologies (Erler 2017). The use of forest re-
sources and production of forest products vary according 
to the development level of the countries. This variation is 
primarily observed in planning and implementation of tim-
ber extraction methods due to relatively high proportion 
of economic benefits provided by wood-based forest prod-
ucts in forest industry. In some countries, forest products 
are being produced for a limited number of industrial uses 
by utilizing limited amount of mechanization involvement. 
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 Hrvatska komora inženjera šumarstva i drvne tehnologije (Croatian Chamber of Forestry and Wood Technology Engi-
neers) osnovana je na temelju Zakona o Hrvatskoj komori inženjera šumarstva i drvne tehnologije (NN 22/06).
Komora je samostalna i neovisna strukovna organizacija koja obavlja povjerene joj javne ovlasti, čuva ugled, čast i 
prava svojih članova, skrbi da ovlašteni inženjeri obavljaju svoje poslove savje sno i u skladu sa zakonom te promiče, 
zastupa i usklađuje njihove interese pred državnim i drugim tijelima u zemlji i inozemstvu.
Članovi Komore:
•  inženjeri šumarstva i drvne tehnologije koji obavljaju stručne poslove iz područja šumarstva, lovstva i drvne teh-
nologije.
Stručni poslovi (Zakon o HKIŠDT, članak 1):
•  projektiranje, izrada, procjena, izvođenje i nadzor radova iz područja uzgajanja, uređivanja, iskorištavanja i otvaranja 
šuma, lovstva, zaštite šuma, hortikulture, rasadničarske proizvodnje, savjetovanja, ispitivanja kvalitete proizvoda, 
sudskoga vje štačenja, izrade i revizije stručnih studija i planova, kontrola projekata i stručne dokumentacije, izgrad-
nja uređaja, izbor opreme, objekata, procesa i sustava, stručno ospo sob ljavanje i licenciranje radova u šumarstvu, 
lovstvu i preradi drva.
Javne ovlasti Komore:
•  vodi imenik ovlaštenih inženjera šumarstva i drvne tehnologije,
•  daje, obnavlja i oduzima licencije (odobrenja) pravnim i fizičkim oso bama za obavljanje radova iz područja šumarstva, 
lovstva i drvne tehnologije,
•  utvrđuje profesionalne obveze članova i njihovo obavljanje u skladu s kodeksom strukovne etike,
•  provodi stručne ispite za ovlaštene inženjere,
•  drugi poslovi koji su utvrđeni kao javne ovlasti.
Akti koje Komora izdaje u obavljanju javnih ovlasti, javne su isprave.
Ostali poslovi koje obavlja Komora:
•  promiče razvoj struke i skrbi o stručnom usavršavanju članova,
•  potiče donošenje propisa kojima se utvrđuju javne ovlasti Komore u skladu s kriterijima europske i svjetske prakse,
•  zastupa interese svojih članova,
•  daje stručna mišljenja kod pripreme propisa iz područja šum arstva, lovstva i drvne tehnologije,
•  organizira stručno usavršavanje svojih članova,
•  izdaje glasilo Komore te druge stručne publikacije.
Članovima Komore izdaje se rješenje, pečat i iskaznica ovlaštenoga inženjera. Za uspješno obavljanje zadataka te pos-
tizanje ciljeva ravnopravnoga i jednakovrijednoga zastupanja struka udruženih u Komoru, članovi Komore organizirani 
su u strukovne razrede:
•  Razred inženjera šumarstva,
•  Razred inženjera drvne tehnologije.
Članovi Komore imaju odgovornosti u obavljanju stručnih poslova sukladno zakonskim i podzakonskim aktima te 
Kodeksu strukovne etike.
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The selection of a harvesting system is mainly reflected by 
the supply and demand of forest products in the forest in-
dustry. Besides, there are natural factors such as topograph-
ical conditions and terrain types that effect the selection of 
mechanized harvesting equipment used in forestry (Visser 











In Turkey, the timber harvesting activities are mainly con-
ducted by the forest villagers and forest development co-
operatives. Due to limited economic conditions, high tech-
nology  equipment  is  often  out  of  reach  and  the most 
common harvesting methods are human-power based tra-
ditional methods with limited involvement of farm tractors. 




can perform several tasks in timber harvesting operations 
such as skidding, winching, cable yarding, forwarding, and 
loading (Acar and Unver 2012; Johansson 1996; 1997; Spi-







stated that the cost of using a farm tractor can be very high 
at the skidding distances between 150 and 500 meters. In 
Turkey, different  types of  farm tractors  integrated with 
mounted winch system and skidding equipment have been 
Figure 1. Geographic location of the study area (a) and (b – c) topographical data for the main study area 
Slika 1. Geografska lokacija područja istraživanja (a) i (b – c) topografski podaci za glavno područje istraživanja 
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studied in the timber extraction activities (Acar 2013). In 
some studies carried out in this context, it was determined 






ples of decision support systems have been developed in 
order to increase the productivity of the farm tractors in 
harvesting operations (Gumus and Turk 2016). 
Modifications of farm tractors specially designed for forest 
operations have recently increased the attractiveness of 
farm tractors in the forest industry. There are considerable 
experiences in the use of farm tractors especially for small-
scale forestry activities. As a result, the need to investigate 
the effectiveness and efficiency of the modified farm trac-
tors has emerged in recent years. In this study, productivity 
of the farm tractor with front-mounted single drum winch 
was evaluated during whole-tree harvesting operation in 
Eastern Mediterranean region of Turkey.
MATERIAL AND METHODS
MATERIJAL I METODA




rectorate in Eastern Mediterranean region of Turkey (Fig-
ure 1). The dominant tree species in the region are black 
pine (Pinus nigra Arn.), Turkish red pine (Pinus brutia 
Ten.), firs (Abies cilicica Ant. et Kotschy) and cedars (Cedrus 
libani L.). The average elevation in the main study area 
ranges from 800 meters to 1170 meters. Time study data 
were collected during timber extraction of Turkish red pine 
trees in compartment 33 (GDF 2012). The ground slope at 
the uphill winching area ranged between 45% and 50% 
while the slope of skid trail was between 5% and 10% (Fig-
ure 1b and 1c). 
Field study – Istraživanje na terenu
The geographic positional information was recorded by 

































the tractor operator in the cabin for manual control of the 
hydraulic system (i.e. winch and blade). The cost including 
iron frame, front protection blade apparatus and hydraulic 
system of designed single drum winch was 1860 €.
Table 1. The characteristics of used farm tractor (TUMOSAN 2018)
Tablica 1. Značajke korištenog poljoprivrednog traktora (TUMOSAN 2018)
Manufacturer
Proizvođač
TUMOSAN engine and  
tractor Co., Turkey




Stage IIIA (Tier 3)
Faza IIIA (razina 3)
Number of cylinders / Aspiration
Broj cilindara / Usis





Nominal engine power (HP)
Nominalna snaga motora (KS)
75
Maximum torque (Nm)













Težina praznog vozila (kg)
3200







ing low (<0.40 m3), medium (0.41 – 0.80 m3), and high 
(>0.80 m3). Pearson correlation test was applied to deter-
mine the relationship between tree diameter (X1), length 

























Time study and statistical analysis – Studija  
vremena i statistička obrada podataka
The repetitive time method, which is also know as snapback 









al. 1995). Tree diameter and tree length data measured in 
the field were used to compute tree volume, and then pro-
ductivity of each trip was calculated based on timber vol-




Figure 2. Timber extraction: uphill winching (a) and skidding backward on skid rail (b)
Slika 2. Privlačenje drva: privitlavanje uzbrdo (a) i privlačenje drva kretanjem unatrag (b)
Table 2. The main working stages 
Tablica 2. Glavne faze rada 
Uphill winching
Privitlavanje uzbrdo
Skidding backward on skid trail
Privlačenje unatrag po traktorskoj vlaki 
Moving to the winching station
Premještanje na stanicu s vitlom
Moving to the prebunching area
Premještanje na primarno sakupljalište
Pulling of steel rope to the felled 
tree







Privlačenje drva kretanjem unatrag
Winching to the prebunching area
Privitlavanje do primarnog 
sakupljališta
Unhooking at the landing
Otkopčavanje tovara na stovarištu
Unhooking at the prebunching 
area
Otkopčavanje tovara na 
primarnom sakupljalištu
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It was found that the average productivity of uphill winch-

















The average productivity of skidding trees by farm tractor 
on skid trail was 14.30 m3/hour. Gulci et al. (2017b) re-




productivity. The skidding distance is other important fac-
tor on operation time which reflects the overall productiv-
ity (Borz et al. 2015; Đuka et al. 2017; Gilanipoor et al. 
2012). On the other hand, undoubtedly terrain conditions 
and operator experiences also influence the productivity of 





dium and high volume classes (Table 5, Table 6). Previous 
studies conducted on forest operations also indicated that 
efficiency of the system increases as the timber volume per 
trip increases (Gulci et al. 2017b; Ozturk and Akay 2007; 
Table 3. Time study data (minutes) for work stages in whole-tree uphill 
winching













Moving to the winching station
Premještanje na stanicu s vitlom
0.48 1.13 0.76 0.24
Pulling steel rope to the fallen tree
Izvlačenje čeličnog užeta do 
srušenog stabla
0.21 1.55 0.79 0.46
Choker setting
Kopčanje tovara
0.07 0.16 0.13 0.03
Winching to the prebunching area
Privitlavanje do primarnog 
sakupljališta
0.64 3.50 1.70 0.95
Unhooking at the prebunching area
Otkopčavanje tovara na primarnom 
sakupljalištu
0.05 0.08 0.07 0.01
Total Time 
Ukupno vrijeme
1.52 5.87 3.44 1.36
Table 4. Time study data (minutes) for work stages in skidding back-
ward on skid trail
Tablica 4. Podaci studije vremena (minute) tijekom privlačenja drva kretan-













Moving to the prebunching area
Premještanje na primarno 
sakupljalište
0.54 1.15 0.77 0.25
Choker setting
Kopčanje tovara
0.07 0.16 0.13 0.03
Skidding backward 
Privlačenje drva kretanjem unatrag
1.16 3.01 1.72 0.52
Unhooking at the landing
Otkopčavanje tovara na stovarištu
0.05 0.09 0.07 0.01
Total Time 
Ukupno vrijeme
1.93 4.36 2.68 0.77
Table 5. Statistical analysis results for uphill winching












95% Confidence Interval for Mean










9 3.31 1.06 0.35 2.49 4.12 2.14 5.33
Medium
Srednji
12 11.88 5.56 1.61 8.34 15.41 4.50 21.59
High
Visoki
9 24.13 12.41 4.14 14.59 33.67 11.93 43.76
Total
Ukupno
30 12.98 11.08 2.02 8.85 17.12 2.14 43.76
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Spinelli and Magagnotti 2011). Today, because of the deve-




are the key for high productivity in harvesting operations 
(Enache et al. 2016).
















to add all of decision variables (X1, X2, X3 and X4) in the 
model. The R2 values of the regression models of uphill 
winching and skidding on skid trail were found to be 0.896 
(AICc: 51.46, BIC: 56.21) and 0.980 (AICc: -31.43, BIC: 
Figure 3. Results of Pearson correlation tests for uphill winching (a) and skidding backward (b)
Slika 3. Rezultati testa Pearsonov korelacije za privitlavanje uzbrdo (a) i privlačenje drva kretanjem unatrag (b)
Table 6. Statistical analysis results for skidding backward on skid trail












95% Confidence Interval for Mean










9 6.06 2.41 0.80 4.21 7.91 3.12 9.31
Medium
Srednji
12 11.40 3.57 1.03 9.14 13.67 7.10 17.01
High
Visoki
9 26.39 14.42 4.81 15.31 37.48 14.22 51.30
Total
Ukupno
30 14.30 11.56 2.11 9.98 18.61 3.12 51.30
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-26.68), respectively. The regression model yielded signifi-
cant (p<0.01) results at 99% confidence level in both meth-
ods. The regression analysis results for the variables of di-
ameter (X1), length (X2), volume (X3) and skidding distance 






tors in Turkey, the drum is often mounted on the back of 


















ity of the operator. The stable position of the tractor is 
ensured by a movable front protection blade prevents un-
controlled shifting of the tractor and ensures ergonomic 
and safe operations. The productivity of skidding operation 
on skid trail was relatively low comparing with the results 
of the relevant studies. The main reason behind this inef-
ficiency was that operator had to drive the skidder back-
ward on skid trail and control the back sight which in-
creased the total time during skidding. Farm tractor logging 
can be also limited by some other factors such as the terrain 
conditions, ground slope, and timber volume. Thus, the 























Figure 4. Parameters of a regression model (a: uphill winching and b: skidding backward)
Slika 4. Parametri regresijskog modela (a: privitlavanje uzbrdo i b: privlačenje drva kretanjem unatrag)
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analysis of chute system integrated with portable winch and 
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privlačenja drva općenito. Prosječna  je proizvodnost  sakupljanja drva uz nagib 12.98 m3/sat, a 
privlačenje drva kretanjem unatrag 14.30 m3/sat. Troškovi sakupljanja drva vitlom uz nagib iznose 
10.77 €/sat, a privlačenje drva 11.87 €/sat. Može se zaključiti da se hidraulički sustav s jednobubanjskim 
vitlom, postavljen s prednje strane adaptiranog poljoprivrednog traktora, može koristiti kao alterna-
tivna oprema za pridobivanje drva, posebice kod operacija privitlavanja uzbrdo.
KLJUČNE RIJEČI: planinske šume, pridobivanje drva, poljoprivredni traktor, proizvodnost, stablovna 
metoda, zemlje u razvoju 
